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ABSTRACT 



A cellular communications network (200, FIG. 2) includes 
one or more aircraft (210), which provide communication 
channels to cellular communications units, and also com- 
municate with one or more base transceiver stations (206) 
and a control center (214). The control center receives (502, 
602) telemetry and flight parameter infonnalion from the 
aircraft, and calculates (510, 606) network parameters based 
on the information. The control center transmits (512, 608) 
messages to the cellular network, including the aircraft, 
based on the calculated network parameters, and the aircraft 
and cellular network controls (612) its operations according 
to information within these messages. 

19 Claims, 9 Drawing Sheets 
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APPARATUS AND METHODS FOR 

co^^TROLLI^G a celluiar 
communications network having 
airborne transceivers 

technical held 

The invention relates generally to cellular communica- 
tions networks and, more specifically, to ooolrolling opera- 
tions of a cellular communications network having airborne 
transceivers. 

BACKGROUND OF THE INVENTION 

Terrestrial cellular communications networks have pro- 
vided convenient wireless communications sen^ices for 
years. These services include, for example, cellular tele- 
phone services, paging, Internet access, and data transfer 
services, among others. 

RG. 1 illustrates a simplified block diagram of a terres- 
trial cellular communications network 100, in accordance 
with the prior art. Network 100 includes one or more base 
station antennas 102 coupled to base transceiver stations 
(BTS) 103. Each BTS 103 communicates, via antennas 102 
and subscriber links 104, with cellular communication units 
carried by mobile users 106. Essentially, the BTS modulates 
and demodulates the information exchanged on the sub- 
scriber Unks 104, and it converts signals to and from the 
formal used over the subscriber links. Subscriber links 104 
may support a time division multiple access (TDMA, e.g. 
IS-136, GSM), code division multiple access (CDMA, e.g. 
IS95), or other type of digital or analog communication 
protocol. 

BTS 103 also arc coupled to a mobile switching office 
(MSO) 110. This can be a direct connection (e.g., using fiber 
optic or telephone (e.g., Tl) links 105), or the connection 
108 can be chained through other BTS. 

When data originates from or is destined for a public 
switched telephone network (PSTN, not shown), this data is 
routed through a mobile switching office (MSO) 110. 
Essentially, the MSO HO includes a switch that interfaces 
the cellular network and the PSTN. 

Network 110 is optimized via various performance 
parameters. For example, these performance parameters 
include power control parameters, handoff parameters (e.g., 
thresholds, averaging parameters, and hysteresis), access 
parameters (e.g., the minimum received signal level required 
before a communication unit is granted access to the 
system), bandoS candidate information for neighboring 
cells, and the designation of which channels are control 
channels and which are traffic channels. 

In a well-designed network, these performance param- 
eters are selected to achieve near optimal network perfor- 
mance. Usually, these performance parameters are deter- 
mined only when major changes in the network 
configuration occur, such as during network installation or 
when additional cell sites are added (e.g., lo improve net- 
work coverage or capacity). In a terrestrial network, thus, the 
network optimization process is relatively static. This is 
considered acceptable, because the network infrastructtire 
and communications quality are considered to be relatively 
stable. The infrastructure is geographically fixed in a terres- 
trial cellular network, and the communications quality is not 
substantially afifected by or the system design considers 
variables such as weather (e.g., thunderstorms, high winds). 

In order to increase capacity in a terrestrial cellular 
network, additional BTS must be added to the netwoik. 
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Adding such additional equipment may take weeks or 
months, and in some cases it is impossible to incorporate 
new equipment into an existing infrastructure. Therefore, 
prior art terrestrial networks cannot rapidly respond to a 
5 level of user demand that exceeds the network's tbeo-current 
capacity. . . . 

What is needed is a cellular communications network that 
is able to more rapidly respond to changing capacity 
demands by quickly modifying network infrastructure or 
10 configuration. Further needed is a method for rapidly deter- 
mining performance parameters for a modified network 
infrastructure or configuration and quickly implementing the 
parameters* use so that optimal network performance can be 
continuously maintained. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a simplified block diagram of a terres- 
trial cellular commimications network, known in the prior 

20 

FIG. 2 illustrates a simplified block diagram of an air- 
borne cellular communications network, in accordance with 
one embodiment of the present invention; 

FIG. 3 illustrates an aircraft flight pattern and a coverage 
25 footprint projected by an aircraft within an airborne cellular 
communications network, in accordance with one embodi- 
ment of the present invention; 

FIG. 4 illustrates a simplified block diagram of several 
network segments included in an airborne cellular commu- 
30 nications network, in accordance with one embodiment of 
the present invention; 

FIG. 5 illustrates a flowchart of a method for controUing 
operations of a cellular communications network based on 
received telemetry information, in accordance with one 
35 embodiment of the present invention; 

FIG. 6 illustrates a flowchart of a method for changing 
handoff parameters, when appropriate, in accordance with 
one embodiment of the present invention; 

FIG. 7 illustrates a flowchart of a method for changing 
^ minimum acquisition power threshold parameters, when 
appropriate, in accordance with one embodiment of the 
present invention; 

FIG. 8 illustrates a flowchart of a method for changing a 
control channel power parameter, when appropriate, in 
accordance with one embodiment of the present invention; 
and 

FIG. 9 illustrates a flowchart of a method for using a 
parameter table to determine parameters based on aircraft 
50 location in accordance with one embodiment of the present 
invention. 

DETAILED DESCRIPnON 

The methods and apparatus of the present invention are 
55 implemented in a oeUular communications network that can 
rapidly respond to changing capacity demands. This is 
accomplished, in several embodiments of the present 
invention, by a cellular communications network that inte- 
grates airborne transceivers with current terrestrial cellular 
60 network networks. This integration of airborne transceivers 
and terrestrial cellular networks is referred to herein as an 
"aifbomc cellular network" or "airborne network." These 
terms are not meant to imply that all cells of the network are 
provided by airborne transceivers, although that could be the 
65 case, in at least one embodiment. 

The airborne transceivers are part of a payload carried by 
ao aircraft, and these transceivers provide communicatioo 
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links between cellular oommunication units and one or more 
BTS. In this airtxsine network, each aircraft maintains a 
relatively stable flight pattern, typically over a fixed geo- 
graphic area. Cellular beams projected toward the earth by 
an airborne transceiver provide communications coverage 
within that area. 

One distinction between a conventional terrestrial net- 
work and the airborne network of the present invention is the 
impact that weather conditions may have on network per- 
formance. In general, severe weather may impact the ability 
of an aircraft to maintain continuous^ high quality coverage 
over a particular geographic area. For example, an aircraft 
may have to alter its flight pattern to avoid one or more 
thunderstorms. These thunderstorms also may affect the 
quality of service possible on a subscriber link that passes 
through the storm. In addition, wind conditions or turbu- 
lence may impact the aircraft's current or achievable atti- 
tudes (i.e., pitch, roll, and yaw angles), roll rate, yaw rate, 
ground speed, and station keeping ability (i.e., the ability for 
the aircraft to maintain its position within a predictable, 
three dimensional space). 

Another distinction between a conventional terrestrial 
network and an airborne network of the present invention is 
that, unlike the terrestrial network, the communication cells 
(referred to herein as "beams") provided by the aircraft 
pay load may not be fixed with respect to the surface of the 
earth. This is due to the fact that the aircraft is continuously 
moving along its flight pattern. As the various beams pro- 
vided by an aircraft payload sweep over a particular geo- 
graphic area, a deviation in the regular flight pattern can 
drastically affect the network's coverage area, call handoff 
rate, and subscriber link performance. Such a flight pattern 
deviation may be necessitated by commands issued by an air 
traffic control center, for example. 

Unlike a terrestrial network, a static set of performance 
parameters would not residt in acceptable network perfor- 
mance for an airborne network. As explained above, this is 
because weather conditions, flight patterns, and aircraft 
movement continuously affect the aircraft's position and 
attitude, among other things. Therefore, the prior art 
approach of determining performance parameters on a rare 
and occasional basis would result in non-optimal airborne 
network performance. 

The airborne communications network of the various 
embodiments overcomes these potential problems by rap- 
idly determining performance parameters, particularly when 
various weather conditions and other factors affect the 
aircrafts' attitudes and positions. In addition, the airborne 
network of the various embodiments is able to rapidly 
change network operations in response to network perfor- 
mance and out of tolerance conditions. 

Essentially, the network of the various embodiments 
consumes information regarding the aircraft's flight pattern, 
flight characteristics, and attitude, and information regarding 
subsystem status (e.g., the status of the network's various 
receivers, amplifiers, transmitters, antennas, etc.). From this 
information, the network adjusts network parameters to 
minimize the impact of varying coverage, handoff 
characteristics, and subscriber link performance experienced 
when using the airborne segment of the network. 

In one embodiment, the airborne network is incorporated 
into a conventional, terrestrial cellular network without 
substantially modifying the networic's infrastructure (i.e., 
BTS, MSOs, and cellular communications equipment). 
Essentially, the airborne transceiver is used as a repeater that 
is interjected between the cellular equipment and one or 
more BTS. 
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FIG. 2 illustrates a simplified block diagram of an air- 
borne cellular communications network 200, in accordance 
with one embodiment of the present invention. Network 200 
includes the elements of a conventional terrestrial network, 

5 including base station antennas 202, MSO 204, and BTS 
206. BTS 206 can communicate with the MSO (and possibly 
each other) over links 208. In addition, network 200 includes 
multiple celhilar communication units, which may be fixed 
or may be carried by mobile users 212. Generally, each of 
these elements performs similar functions as they would if 
incorporated into a conventional terrestrial system. Network 
200 also includes one or more aircraft 210, one or more 
aircraft radio terminals (ART) 220, and control center 214. 
Each aircraft 210 carries a payload, which acts as a trans- 
ceiver or repeater between the network's ART 220 (and, thus 
BTS 206) and multiple cellular communication imits. 

As used herein, a "cellular communication unit" means 
mobile or fixed communication equipment that sends and/or 
receives information over a wireless link to and/or from a 

2Q transceiver, receiver, and/or transmitter of network 200. The 
u-ansceiver, receiver, and/or transmitter could be associated 
with a base station antenna 202 or with a payload carried by 
aircraft 210. A cellular communication unit can be, for 
example, a cellular telephone, pager, radio, computer termi- 

25 nal or any other electronic device or network that sends 
and/or receives data over a wireless link. 

Aircraft 210 could be, for example, an airplane, 
helicopter, balloon, dirigible or any piloted or unmanned, 
fixed wing, rotor wing or lightcr-than-air vehicle that is 

30 capable of carrying a payload. In one embodiment, the 
aircraft is an airplane, whose pilot is responsible for flying 
the airplane (e.g., operating the manual controls and the 
autopilot system) and verbally communicating with air 
traffic control (ATC) and an aircraft operations center (AOC) 

35 (not shown), which wiU be described in more detail below. 
The aircraft also includes an aircraft flight management 
system (AFMS) (not shown), in one embodiment. The 
AFMS includes an autopilot system, GPS equipment, avi- 
onics equipment (e.g., instruments for measuring airspeed, 

40 roll ang^e, pitch angle, yaw angle, and mrbulencc, among 
other things), data ooUection equipment, and control equip- 
ment. Among other things, the AFMS is responsible for 
maintaining the correct flight pattern and profile via the 
autopilot system. As used herein, the term '^aircraft" includes 

45 the aircraft itself, the AFMS, and an aircraft payload (not 
shown). 

The aircraft payload includes antennas, radio frequency 
(RF) amplifiers, RF converters, and possibly analog-to- 
digital (A/D) and digital-to-analog (D/A) converters. The 

50 payload's antennas could be phased array antennas, 
reflectors, horns, patch antennas or some other type of 
antenna, in various embodiments. The payload also includes 
computing equipment that functions to control the payload 
antennas, converters, and other equipment. 

55 As described previously, the payload functions as a trans- 
ceiver or repeater, communicating data between cellular 
conomunication units and ART 220, which are each coupled 
to one or more BTS 206. In one embodiment, the payload 
conununicates in one frequency range to ART 220 and in 

60 another frequency range to cellular communication units. 
The aircraft payload receives RF signals from ART 220 over 
ART link 222, downconverts those signals to appropriate 
cellular frequencies, and provides the cellular signals to the 
cellular communication units associated with users 212, via 

65 subscriber link 211. On the reverse path, the payload 
receives RF signals from the cellular oommunication units, 
upconverts the signals to the frequency range used on the 
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ART link 222, and transmits the upconverted signals lo ART 204, aircraft 210, BTS 206, ART 220, and/or some other 

220. In one embodimeot, RF signals are exchanged with network element or external source. These messages could 

ART 220 at frequencies within the C-band (e.g., 3-8 GHz), indicate, for example, that a piece of network equipment has 

and they are exchanged with cellular communication units failed, and/or how the various pieces of networic equipment 

within a frequency range of about 800-1800 MHz. In other 5 performing. 

embodiments, signals could be exchanged with ART 220 or When necessary, the OMC operator schedules mamte- 

cellular communication units at frequencies within other na^ice operations. These maintenance operations include 

ranges, depending, among other things, on the type of P^ys^^?"^ 'IPfj^j^g'^^^^^ 

communications p^tocol Ld. off° ^^^^^ 210. BTS 206 ART 220, ba« station antenna 
^ - ij *iin 202 or some other network equipment. For example, the 

In one embodmient, network 200 also mcludes a control lo ^^^^^ informatio^ indicating that a particular 

center 214. which communicates with aircraft 210 via ^^^^^^^ payload. BTS 206 or ART 220 has a damaged 

antenna 216 and aircraft telemetry and control links 218. receiver. The OMC would then schedule a maintenance 

Control center 214 is a distributed or centralized computing operation to repair or replace the receiver, 

apparams, which includes an aircraft opcraUons controUer qMC, thus, is essentially an entity that receives status 

(AOC) (not shown) and subsystem status and control equip- 15 control information, and schedules maintenance opera- 

ment (SS&Q (not shown). The AOC and the SS&C, which tions. In various embodiments, other network elements, such 

arc described in more detail below, basically function to ^ aOC or some other automated or human entity, also 

receive information regarding aircraft flight parameters and alternatively could schedule maintenance operations. The 

weather information, derive control messages from the scheduling process involves contacting the people respon- 

parameters and weather information, and send the control 20 ^j^^^ performing aircraft or network maintenance, and 

messages to devices within the airtx)rne or terrestrial seg- indicating that the maintenance operation should be per- 

ments of network 200. In addition, in various embodiments, formed. 

a pUot can communicate verbally with the AOC or can enter embodiment, the OMC also can communicate 

changes into the aircraft's autopilot system, where those directly or indirectly with MSO 204. BTS 206, ART 220, 

changes are thereafter transmitted to the AOC. 25 station antennas 202 or aircraft 210 to cause one or 

To communicate with ART 220 and MSO 204, control more of those network elements to alter their operations 

center 214 exchanges messages over ART control hnks 228 based on the received status, control, and performance 

and MSO control links 230, respectively. In one messages. 

embodiment, links 228 and 230 are hardwired links (e.g., jhe network described in conjunction with FIG. 2 pro- 
coaxial or fiber optic cable), although either or both links yj^es several advantages over prior art systems. In 
228 and 230 could be wireless links in other embodiments. particular, aircraft 210 can be rapidly deployed to provide 

Although control center 214 is shown as being located in new or additional capacity to a geographic area, when 

a single facility in FIG. 2. various portions of control center needed, without taking a substantial amount of time for 

214 could be located in separate facilities. For example, in infrastructure installation, as is required in prior art satellite 

various embodiments, portions or all of the control center and terrestrial systems. In addition, an aircraft payload can 

functionality could be located in MSO 204. ART 220, BTS be retrofitted and/or enhanced lo provide even greater capac- 

206, aircraft 210 or other facilities (not shown). iiy. 

As mentioned previously, network 200 includes one or Because aircraft are used in the various embodiments of 

more MSO 204. MSO 204 ftinctioos as a mobile switching ^ the invention, the network must be able to compensate for 

center (MSC) and as a base station controller (BSC), in one various factors that affect aircraft. In particular, each aircraft 

embodiment. In the capacity of MSC, MSO 204 interfaces is subject to weather conditions and ATC restrictions, which 

network 200 with a PSTM (not shown) and/or other network may affect the aircraft's flight parameters (e.g., the aircraft's 

(s). In the capacity of BSC, MSO 204 controls all or some flight pattern, position, attitude, and/or flight 

of the network's base station antennas 202, BTS 206, and characteristics). Deviations in the aircraft's flight parameters 

ART 220. In some cases, MSO 204 receives information can, in certain instances, affect the ceUular coverage foot- 

fcom control center 214, which MSO 204 uses to change print or channels provided by the aircraft payload. 

mnable network parameters in order to improve the overall piG. 3 illustrates an aircraft flight pattern 302 and a 

network performance. In one embodiment, the information coverage footprint 304 projected by an aircraft 306, in 

originates from the SS&C equipment within control center accordance with one embodiment of the present invention. 

214, although it could originate from other network ele- Within coverage footprint 304, multiple communication 

ments in other embodiments. channels arc provided within each of multiple beams 308 

MSO 204 communicates with BTS 206 over links 232, projected within footprint 304. 

respectively. In one embodiment, links 232 arc hardwired In one embodiment, footprint 304 has a radius in a range 

links (e.g., coaxial or fiber optic cable), although they could 55 of about 50-200 kilometers, although footprints having 

be wireless links in other embodiments. Not all BTS 206 larger or smaller radius could be employed in other embodi- 

may have an associated ART 220. Thus, MSO 204 is capable ments. Additionally, in one embodiment, the beam radius is 

of communicating with conventional BTS (i.e., BTS 206 in a range of about 5-25 kilometers, although larger or 

without an ART 220) and with BTS that do have an smaller beam radius could be employed in other embodi- 

associated ART 220. go ments. In the embodiment shown, footprint 304 includes 

Network 200 also includes an operations and maintenance thirteen beams 308, providing anywhere from 1-300 chan- 

center (OMQ (not shown), which is co-located with an nels per beam. In alternate embodiments, more or fewer 

MSO 204, in one embodiment. In alternate embodiments, beams 308 could be included within footprint 304, and each 

the OMC is housed in a separate facility firom MSO 204 or beam could provide a number of channels in a different 

distributed across multiple facilities. 65 range. 

Essentially, the OMC is manned by a human operator who As aircraft 306 moves along its flight pattern 302, beams 

evaluates status and control messages received from MSO 308 sweep across the surface of the earth, making handoffs 



09/07/2004, EAST Version: 1.4.1 



us 6,507,739 Bl 



8 



between beams necessary in order to maintain a cellular call. 
Id one embodiment, the control center's AOC is re^nsible 
for performing aircraft management and controlling changes 
in the flight pattern based on weather information, failure 
information, and aircrafl-to-aircraft handovers. 

If no externa] factors affected the aircrafts' flight patterns, 
then the network could optimize various network parameters 
on a rare and occasional basis, and still maintain decent 
network performance. In real life, however, many factors 
affect an aircraft's flight pattern. For example, an aircraft 
may be instructed by ATC to deviate from its flight pattern 
due to other air traffic. Alternatively, some weather condition 
(e.g., a thunderstorm) may force an aircraft to alter its flight 
pattern, if the aircraft is to continue flying safely. In addition, 
other weather conditions, such as high winds and turbulence, 
may force the aircraft to adopt a new flight pattern or may 
affect the aircraft's attitude. These conditions could make it 
impossible for the aircraft to maintain continuous coverage 
over the geographic area using the same flight pattern. In 
addition, some of the conditions may cause the aircraft to 
project beams into other areas where RF energy from such 
beams is not desired. 

In one embodiment, each aircraft 306 sends information 
to the control center indicating the aircraft flight parameters. 
In addition, the control center receives information directly 
from a weather center regarding current and predicted 
weather conditions within an area serviced by an aircraft. 
Using the parameters and weather information, the control 
center can commimicate with the terrestrial network to alter 
network parameters in order to achieve optimal network 
performance. 

In various embodiments of the present invention, the 
network takes flight parameter deviations caused by 
weather, ATC, and other factors into account by rapidly 
adjusting network parameters. These adjusted network 
parameters are distributed to the relevant network devices, 
which adjust their operations accordingly. In addition, the 
network is able to adjust the network parameters when the 
stams of a network subsystem has changed and caused 
network performance to be degraded. In this manner, the 
network is able to maintain network operations at an optimal 
or near optimal level at all times. 

Essentially, the network of the various embodiments 
consumes information regarding the aircraft's flight pattern 
and attitude, and information regarding subsystem status 
(e.g., the status of the network's various receivers, 
amplifiers, transmitters, antennas, etc.). From this 
information, the network adjusts various tunable network 
parameters to minimize the impact of varying coverage, 
handoff characteristics, and subscriber link performance 
experienced when using the airborne segment of the net- 
work. For example, these performance parameters include 
power control parameters, handoff parameters (e.g., 
thresholds, averaging parameteis, and hysteresis), access 
parameters (e.g., the minimum received signal level required 
before a communication unit is granted access to the 
system), handoff candidate information for neighboring 
cells, and the designation of which channels are control 
channels and which are traffic channels. 

Below is a list of several ways in which the network 
adjusts network parameters in order to optimize network 
performance: 

Adjust handoff hysteresis and baodoff threshold param- 
eters on the basis of aircraft flight stability parameters, 
such as the aircraft's roll rate, yaw rate, and pitch rate, 
each of which worsens with increasing turbulence. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



65 



wind speeds, and wind speed variation. Hiese param- 
eter adjustments are performed in order to prevent 
excessive handoff rates ami the associated MSO pro- 
cessing capacities that would be required to support the 
unconstrained peak handoff rates. 

Adjust the minimum user acquisition power threshold 
parameter (MAPT threshold) based on flight pattern 
changes. If the aircraft must change its flight pattern to 
work around weather activity, a degradation in cover- 
age could be expected. The impact of this degradation 
on dropped call rates is minimized, in one embodiment, 
by increasing the ^4APT threshold to prevent users 
from accessing the network unless the power on the 
user's control channel exceeds the higher threshold. 
This reduces the likelihood that a user will acquire the 
system successftdly, then have its call dropped because 
of a change in the coverage characteristics during a 
weather mitigation maneuver, for example. 

Adjust the power control parameters based on flight 
stability parameters. This is done to prevent excessive 
changes in the user equipment and BTS transmit pow- 
ers that would consimie processing capacity and air- 
craft power, and potentially lead to excessive handoff 
conditions or an increase in the dropped call rate. 

Adjust handoff and acquisition parameters on a per beam 
basis, based on the aircraft flight pattern. As the aircraft 
moves along its flight pattern (e.g., a circular flight 
pattern over a particular geographic area), certain 
regions of the covered geographic area may experience 
a high handoff rate or reduced coverage. This is due to 
the relative motion of the beams, which sweep across 
the surface of the earth as the aircraft moves. In one 
embodiment, the network changes acquisition and 
handoff parameters dynamically for the beams that 
cover certain regions. 

Adjust the control chaimel power level in order to change 
the size of a beam provided by the aircraft. By reducing 
the control channel power level on a particular beam 
and correspondingly increasing the relative control 
channel power level on adjacent beams, the size of the 
former beam is effectively reduced. This control could 
be advantageous, for example, if the beam is projected 
over a highly populated area. By reducing the size of 
the beam, the number of simuhaneous calls supported 
by the beam is likely also to be reduced. In this manner, 
the network can strive to make every beam support 
roughly the same number of calls, independently from 
the geographic call density. The specific beam param- 
eters would be periodically modified as the aircraft flies 
its circular pattern. For example, referring back to FIG. 
3, when the aircraft 306 is at position 310 of the circular 
pattern 302, beam 305 is projecting onto a city 303, and 
the control channel power for beam 305 would be 
reduced to shrink the size of the beam 305. When the 
aircraft 306 is at a second position 307 of the circular 
pattern 302, the beam would have moved, and would 
project into a rural area (indicated by dashed area 309). 
Accordingly, the control charmel power should be 
increased to increase the coverage of the beam. 

Adjust network parameters based on subsystem failure. 
For example, if a beam power amplifier fails, it may 
result in a coverage gap. For a conventional system, a 
coverage gap is not as detrimental as for an airborne 
system, because the location of the coverage gap is 
static. For ao airborne system, a beam outage is more 
detrimental because the coverage gap is swept over a 
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large geographic region as the aircraft proceeds along 
its flight pattern. In one embodiment, if such a failure 
occurs, the MAPT parameter is adjusted to prevent 
users from acquiring the network imless the user's 
signal strength is high enough to survive a moving 
coverage gap. In various embodiments, other param- 
eters would be adjusted to mitigate other types of 
subsystem faihires. 
The above list is meant to give examples of the types of 
network parameters that the network adjusts based on the 
varying conditions experienced by the airborne system. In 
various other embodiments, more, fewer or different net- 
work parameters could be adjusted based on the same or 
other variables. 

The network's process of maiDtaining operations at an 
optimal level is described in more detail in conjunction with 
FIG. 4, which illustrates a simplified block diagram of 
several network segments included in an airborne cellular 
communications network 400, in accordance with one 
embodiment of the present invention. As described 
previously, network 400 includes at least one aircraft 402, 
control center 404, and terrestrial cellular network 406. 

Aircraft 402 includes the physical aircraft 408 itself, 
which carries an AFMS 410 and aircraft pay load 412. As 
mentioned previously, aircraft 408 can be a fixed-wing, 
rotor-wing or lighter-than-air vehicle. In one embodiment, 
aircraft 408 is part of a fleet of airplanes dedicated to 
servicing cellular users within the network. Whenever 
capacity or coverage is required in an area, and that capacity 
or coverage cannot be provided by the terrestrial network, an 
aircraft is deployed to service the area. The aircraft pilot is 
notified of a particular flight pattern that will enable the 
aircraft 408 to service the area. The aircraft flight pattern is 
an instantaneous description of the aircraft's current or 
future position (i.e., latitude, longitude and/or altitude) and 
heading, and/or a description of a path along which the 
airaaft should fly. In various embodiments, one or multiple 
airaaft can be tasked with servicing a particular area. 

Occasionally, the aircraft's pilot will communicate with 
Arc 414, over wireless RF link 416, and receive instruc- 
tions and other information. ATC 414 is not part of network 
400, but the aircraft pilot is required to follow its instruc- 
tions. Often, these instructions are to alter the aircraft's flight 
pattem and velocity, among other things. In some cases, the 
pilot will key in the new flight pattem and velocity into an 
autopilot system, which forms a part of AFMS 410. 

Besides the autopilot system, AFMS 410 includes GPS 
equipment, avionics equipment, data collection equipment, 
and control equipment, in one embodiment. In other 
embodiments, AFMS 410 may include more, fewer or 
different elements. Essentially, AFMS 410 measures and 
controls the aircraft's flight parameters. 

Aircraft payload 412 collects, from AFMS 410, informa- 
tion relevant to the aircraft's flight parameters, and periodi- 
cally transmits that information to control center 404 over 
RF link 418, in one embodiment. This flight parameter 
information could be an entire or partial description of the 
aircraft flight pattern, position, attitude or flight 
characteristics, describing the current or desired future state 
of the aircraft. 

The aircraft position includes the aircraft's altitude, 
latimde, longitude, and/or other information (e.g., distance 
or direction from a landmark). The aircraft attitude includes 
the aircraft's roll, pitch, and/or yaw angles. Finally, the flight 
characteristics include the aircraft's velocity, heading, 
acceleration, and/or roll, pitch, and yaw rates. 

In addition to collecting and transmitting flight parameter 
information to control center 404, aircraft payload 412 also 
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provides communicatioo channels to multiple cellular com- 
munication units 420 over RF links 422. As described 
previously, cellular communication units 420 send and 
receive data over wireless link 422 at a particular celhilar 

5 frequency (e.g., in a range of about 800-1800 MHz) and 
using a particular cellular communication protocol (e.g., 
TDMA, CDMA, GSM or others). Aircraft payload 412 
conununicates this user data to one or more ART 4Z4, via RF 
link 426. In one embodimem, as described previously, the 
information exchanged over link 426 is transmitted at a 
higher frequency (e.g., in a range of about 3-6 GHz) than the 
information exchanged over link 422. 

Control center 404 includes AOC 428 and SS&C 430. 
Either or both AOC 428 and SS&C 430 receive the infor- 
mation relevant to the aircraft's flight parameters, which the 

^5 aircraft sent to control center 404 over link 418. AOC 428 
also receives weather information from weather source 432. 
Weather source 432 could be, for example, the National 
Weather Service, Flight Service Stotion (FSS), an Auto- 
mated Surface Observation System (ASOS), a weather 

20 broadcast, the Internet, a fax service, a commercial weather 
provider, a television weather station or some other source. 
The weather information is considered, by AOC 428, to be 
an item of information that is relevant to the aircraft's flight 
parameters, since weather can significantly affect the air- 

25 craft's flight parameters. 

AOC 428 passes flight pattern information to SS&C 430, 
which also receives telemetry information (i.e., information 
regarding the health and status of various devices within the 
network). From the flight pattern and/or telemetry 

30 information, SS&C 430 calculates one or more network 
parameters. As described previously, these network param- 
eters indicate how various devices (e.g., aircraft 408, pay- 
load 412, MSG 438, BTS 436, OMC 434, ART 424 or 
celhilar communication unit 420) within the network should 

35 control their operations. A device's "operations" refers to the 
device performing some communications or control func- 
tion. This can include, for example, providing control and 
communication channels to communication units, determin- 
ing whether a user is granted access to the system for a 

40 particular call, and handing off the user from one beam (or 
aircraft) to another, to name a few. An aircraft's operations 
also include controlling the flight parameters of the aircraft. 
After calculating the network parameters, SS&C 430 
sends one or more control messages derived from the 

45 network parameters to the relevant device or devices. These 
control messages enable the relevant device(s) to determine 
how to alter their operations or in the case of MSO 438, the 
messages enable MSO 438 to control operations of one or 
more BTS 436. 

50 The control messages may include the network param- 
eters themselves or may include instructions or other infor- 
mation derived from the network parameters. For example, 
the control messages may include information relevant to 
flight parameters (i.e., information describing the weather or 

55 desired flight parameters), and/or instnictions to the aircraft 
or aircraft payload based on the weather or desired flight 
parameters. 

For example, based on flight pattem information received 
from aircraft 402, SS&C 430 may determine that aircraft 

60 402 should alter one or more flight parameters or alter the 
celhilar beam pattern provided by its payload. Upon the 
aircraft's receipt of a control message fh>m SS&C 430, 
aircraft 402 would respond by altering the appropriate flight 
parameter or celhilar beam pattern, in accordance with the 

65 message. If aircraft 402 has altered a flight parameter as a 
result, aircraft 402 may transmit additional information to 
the control center 404 describing the new flight parameter. 
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In addition to sending messages derived from the network has changed. For example, if the aircraft payload includes 

parameters to various network devices, SS&C 430 also redundant amplifiers, and one of the redundant amplifiers 

determines, from the flight parameter and telemetry has failed, the control center would send a message to the 

information, whether a maintenance operation should be maintenance scheduling entity to schedule a repair operation 

performed on one of the network's devices. If so, then SS&C 5 on the failed amplifier. 

430 sends a message describing the maintenance issue to an A determination is made, in block 508, whether the status 

entity that schedules such maintenance operations. In one change has impacted the network performance or coverage, 

embodiment, this entity is the OMC 434, although it could In the foregoing example, the status change would not result 

be some other entity in another embodiment. For example, in a performance impact, because the operable redundant 

aircraft 402 could have sent a telemetry message to control 10 amplifier would be able to sustain system service. However, 

center 404 indicating that a payload receiver has become some failures may result in a coverage gap, for example, 

non-fiinctional. Upon receipt of this information, SS&C 430 which is a significant performance impact, 
would send a message to a maintenance entity to schedule A coverage change could include, for example, a move- 

repair of the aircraft's receiver. These maintenance opera- mem of the coverage footprint such that all or a portion of 

tions could be scheduled for many pieces of equipment 15 the geographic area that the aircraft is supposed to cover is 

within the network's elements, including the aircraft 408, not covered. This may occur, for example, if the aircraft is 

AFMS 410, payload 412, BTS 436, ART 424, and base forced to change its Qight pattern due to ATC commands, 

station antenna 440. control center commands, evasive maneuvers, and/or 

As mentioned previously, SS&C 430 sends control mes- weather events, 
sages to aircraft 402, and also to elements of the terrestrial 20 In addition, a coverage change could occur if the aircraft 

network 406. In one embodiment, in order to affect the changes its attitude. For example, if the aircraft is forced to 

operations of one or more BTS 436, SS&C 430 sends roll, pitch or yaw due to wind, mrbulence or other factors, 

control messages to MSO 438. MSO 438 in turn uses the beam pattern could be projected into a different direction 

information within the control messages to control opera- from the intended direction. In addition, turbulence might 

tions of one or more of the BTS 436. In some cases, MSO 25 introduce additional ft^equency modulation on the subscriber 

438 sends the control message directly to BTS 436. In other links. And, an aircraft that is rolling (e.g., due to wind 

cases, MSO 438 may evaluate the control message, and conditions) could induce rapid changes in signal strength, 

derive a modified control message to send to BTS 436. causing a user to be rapidly handed off between the aircraft's 

When BTS 436 receives the original or modified control adjacent beams. The various weather factors could result in 

message from MSO 438, BTS 436 uses infonnation within 30 poor communication quality, a lack of coverage in some 

the message to control its operations. BTS 436 may receive areas, and the projection of beams into areas where their RF 

the control message over a wired link or over a wireless link energy is not intended. 

via base station antenna 440. In other embodiments, BTS A coverage change also could occur if a subsystem or 

436 may receive a control message directly from SS&C 430 component failure impacts the coverage capability of the 

or from SS&C 430 via aircraft 402 and/or ART 424 or base 35 aircraft, as described briefly in conjunction with blocks 504 

station antenna 440. and 506. If an aircraft experiences a coverage degradation. 

The functioning of the various system segments will now that gap is swept over a potentially very large geographical 

be described in conjunction with FIGS. 5-11. FIG. 5 illus- area as the aircraft executes its flight pattern, 
trates a flowchart of a method for controlling operations of If no performance or coverage impact has been 

a cellular communications network based on received telem- 40 encountered, the method continues to iterate as shown in 

elry information, in accordance with one embodiment of the FIG. 5. If a performance or coverage impact has resulted 

present invention. The method begins, in block 502, by the from the subsystem status change, then the control center 

control center receiving telemetry information. The telem- calculates new network parameters, in block 510. New 

eU-y information indicates the health and status of the network parameters could apply to the operations of the 

various network subsystems, including the subsystems 45 aircraft payload, BTS, ART, and base station antennas, 

within AFMS, aircraft payload, ART, BTS, and base station among other subsystems. 

antennas, in one embodiment. In other embodiments, telem- In block 512, the control center sends a message derived 

eU-y from more, fewer or different network subsystems could from the new network parameters to the appropriate device, 

be received. If the new network parameters apply to other network 

From any received telemetry information, the control 50 subsystems, then the control center would send the message 

center determines, in block 504, whether a change to a to the devices associated with those subsystems, as well. For 

subsystem status has occurred. A change to a subsystem example, if the new network parameters applied to the BTS, 

status could be, for example, a failure of a piece of com- then the control center would send the message to the MSO, 

munications equipment. In one embodiment, the control which in turn would create one or more messages to affect 

center determines that a subsystem status change has 55 the BTS operations. 

occurred when the telemetry indicates that something has When the control message is received, in block 514, by 

happened that will, may or has affected the system's ability the appropriate device or devices, then that device or those 

to perform optimally. If no status change has occurred, the devices control their operations using the information within 

control center continues to receive telemetry information, as the message, in block 516. As mentioned previously, this 

shown in FIG. 5. 60 could mean that the device alters its power control, handoff 

If a status change has occurred, then the control center or acquisition processes, to name a few examples. The 

sends a message to an entity that schedules maintenance method then iterates as shown in FIG. 5. 
operations for the various network elements, in bbck 506. In While FIG. 5 illustrates a relatively generic method for 

one embodiment, this entity is the OMC, although it could calculating network parameters, FIGS. 6-8 illustrate various 

be a different entity or set of entities in other embodiments. 65 embodiments of the method shown in FIG. 5 for specific 

The maintenance scheduling entity then schedules an appro- network parameters. In particular, FIG. 6 iUustrates a flow- 

priate maintenance operation for the subsystem whose status chart of a method for changing handoff parameters, when 
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appropriate, in accordance with one embodiment of the bandoff parameters, in block 616. Specifically, the MSO 

present invention. allows handofiEs between BTS only when the new bandofif 

As an aircraft experiences roll, pitch, and/or yaw, varia- parameters indicate that a handoff should occur. The method 

tioDs in the projected beam pattern occur. These variations then iterates as shown. 

can cause an excessive handoff rate, meaning that cellular s In an alternative embodiment, the parameters may control 

units on the ground are handed off with more frequency than the configuration of the aircraft payload also. In this case 

they would be if the aircraft were not experiencing the these new parameters are transmitted to the payload to be 

unplanned roll, pitch, and/or yaw characterisiics. In one implemented. In another alieraaiive embodiment, this infor- 

embodimenl, the effects on the beam pattern due to roll, mation can also be used to modify the operation of the flight 

pitch, and/or yaw characteristics are mitigated, by measuring 10 pattern. By adjusting the location of the flight pattern, better 

airaaft flight parameters, and tuning associated network celhilar performance may be obtained, 

parameters (e.g., handoff hysteresis and handoff threshold Besides controlling operations using handoff parameters, 

parameters) based on calculations using these measure- the network also controls some operations using MAPT 

menls. (minimum acquisition power threshold) parameters, as 

The method begins, in block 602, by the control center 15 described previously. FIG. 7 illustrates a flowchart of a 

receiving telemetry information, which specifically includes method for changing MAPT parameters, when appropriate, 

the aircraft flight characteristics (i.e., roll, pitch, yaw, and/or in accordance with one embodiment of the present inven- 

the rates of each of these flight characteristics). From this tion. 

information, the control center calculates the link margin Again, as the aircraft experiences roll, pitch, and/or yaw 

variation due to the aircraft's instability, in blodc 604. The 20 flight characterisiics, the variations in the projeaed beam 

control center then uses the calculated link margin variation, pattern may cause an excessive fluctuation in signal power 

in block 606, to calculate the impact of the varying flight or link margin. In addition, changing the aircraft's flight 

characterisiics on the handoff rate. Typically, the less stable pattern (e.g., flying a circular pattern with a larger radius) 

the aircraft roll, pitch, and yaw angles and rates, the greater could also change the hnk margin variation over an iteration 

the link margin variation and the greater the handoff rate. For is of the flight pattern. 

example, an aircraft could be flying through severe These variations can result in an excessive dropped call 

turbulence, which causes the signal power to fluctuate rate (i.e., the rate at which communication units in the 

dramatically and handoffs to occur with excessive fre- process of a call are dropped). In one embodiment, an 

quency. excessive dropped call rate due to an altered flight pattern 

In one embodiment, the network determines that a handoff 30 and/or the aircraft's flight characteristics is mitigated by 

is warranted based on at least two handoff parameters. Thus, measuring aircraft flight parameters, including the flight 

the handoff rate also is related to these two parameters. pattern itself, and tuning the MAPT parameter based on 

These handoff parameters include handoff hysteresis and calculations using these measurements, 

handoff threshold. The handoff threshold parameter indl- The method begins, in block 702, by the control center 

cates that a handoff to another beam should not occur imless 35 receiving telemetry information, which specificaUy includes 

the other beam's control channel power is at or above a the aircraft flight characteristics. In addition, the control 

certain threshold signal strength. center receives or maintains data describing the aircraft 

Used in conjunction with the handoff threshold parameter, flight pattern. From this information, the control center 

the handoff hysteresis parameters is based on signal strength, calculates the link margin variation over one or more revo- 

time or other factors. Instead of always handing off to the 40 lutions of the flight pattern, in block 704. The control center 

strongest beam, a hysteresis parameter could indicate that a then uses the calculated link margin variation, in block 706, 

handoff should occur only if another beam's strength is some to calculate the impact of the varying flight characteristics 

amount of decibels stronger than the beam that the commu- and/or flight pattern on the dropped call rale. Typically, the 

nication unit is currently using. Additionally or alternatively, less stable the aircraft roll, pitch, and yaw angles and rates, 

a hysteresis parameter could indicate that a communication 45 the greater the link margin variation and the greater the 

unit that has just handed off to another beam must wait some dropped call rate. For example, as with handoffs, if an 

period of time before it can be handed off again. In other aircraft is flying through severe Uirbulence, the signal power 

embodiments, more, fewer or different handoff parameters will fluctuate dramatically, and calls are likely to be dropped 

could be used to determine whether a handoff is warranted. with excessive frequency. 

Referring back to FIG. 6, a determination is made, in 50 A determination is made, in block 708, whether the 
block 608, whether the predicted handoff rate warrants a predicted dropped call rate warrants a change in the then- 
change in the then-ciu*rent handoff parameters. A positive current MAPT parameters. A positive determination is 
determination is made, in one embodiment, if the handoff made, in one embodiment, if the dropped call rate exceeds 
rate exceeds a threshold. If no change in the handoff a threshold. If no change in the MAPT parameters is 
parameters is warranted, then the method iterates to block 55 warranted, then the method iterates as shown. 
602 as shown. If a change in the MAPT parameters is warranted, then the 

If a change in the handoff parameters is warranted, then conU'ol center calculates new MAPT parameters, in block 

the control center calculates new handoff hysteresis and/or 710. The new MAPT parameters are calculated so that the 

threshold parameters, in block 610. The new handoff param- dropped call rate will be within an acceptable range. In some 

eters are calculated so that the handoff rate will be within an 60 cases, the parameters could be calculated to increase the 

acceptable range. In some cases, the parameters could be dropped call rate, and in other cases, the parameters could be 

calculated to increase the handoff rate, and in other cases, the calculated to decrease the dropped call rate, 

parameters could be calculated to decrease the handoff rate. In one embodiment, the MAPT parameters are calculated 

In block 612, the control center sends, to the MSO, a for one whole revolution around the aircraft flight pattern, 

control message that includes the new handoff parameters. 65 and a table is generated for parameters versus aircraft 

After the MSO receives the message, in block 614, the MSO location. The table uses the radial location of the aircraft on 

controls operations of one or more BTS using the new the circular pattern as its index, in one embodiment. 
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although other indexes could be used io other embodiments. intended. If no change in the control channel power param- 

During operation, the MSO determines where the aircraft is eteis is warranted, then the method iterates as shown, 

via the telemetry link, reads the table entry corresponding to If a change in the control channel power parameters is 

that location, and sends the proper parameters to one or more warranted, then the control center calculates new control 

of the BTS. As the aircraft circles around, the MSO cycles 5 channel power parameteis, in block 810. The new control 

through this table. This process is described in more detail channel power parameters are calculated so that the imbal- 

in conjunction with FIG. 9. In block 712, the control center ance in beam loading will be within an acceptable range. For 

sends, to the MSO, a control message that includes the new some beams, the parameters could be calculated to increase 

MAPT parameters (or a table, as described above). After the the control channel power, thus effectively increasing the 

MSO receives the message, in block 714, the MSO controls 10 size of the beam and the number of subscribers the beam 

operations of one or more BTS using the new MAPT may be called on to support. In other cases, the parameters 

parameters, in block 716. Specifically, the MSO allows users could be calculated to decrease the control channel power, 

to access the network only when their acquisition power thus effectively decreasing the size of the beam and the 

meets or exceeds the MAPT. The method then iterates as number of subscribers the beam may be called on to support, 

shown. 15 In one embodiment, the control channel power parameters 

In an alternative embodiment, the parameters may control are calculated for one whole revolution around the aircraft 

the configuration of the aircraft payload also. In this case flight pattern, and a table is generated for parameters versus 

these new parameters are transmitted to the payload to be aircraft location. This is similar to the process, described in 

implemented. In another alternative embodiment, this infor- conjunaion with FIG. 7, of calculating muhiple MAPT 

mation can also be used to modify the operation of the flight 20 parameters based on aircraft location. This process is 

pattem. By adjusting the location of the flight pattern, better described in more detail in conjunction with FIG. 9. 

cellular performance may be obtained. In one embodiment, the control channel power parameters 

Another parameter that the network can mne to optimize for each beam are time varying, meaning that the parameters 

its performance is the control channel power level. FIG. 8 may change during a revolution of the aircraft around its 

illustrates a flowchart of a method for changing a control 25 flight pattem. In another embodiment, the parameter for 

channel power parameter, when appropriate, in accordance each beam is fixed for the duration of the flight pattern, 

with one embodiment of the present invention. In block 812, the control center sends, to the MSO, a 

Ollular communication units monitor a control channel control message that includes the new control channel power 

provided by the aircraft, in one embodiment. The control parameters. After the MSO receives the message, in block 

channel typically is a single channel transmitted in each 30 814, the MSO controls operations of one or more BTS using 

beam. Based on the perceived power of each received the new conurol channel power parameters, in block 816. 

control channel, a commtmication unit determines to which The method then iterates as shown, 

beam it will handoff. Generally, tbe communication unit In an alternative embodiment, the parameters may control 

hands off to the beam having the highest control channel the configuration of the aircraft payload also. In this case 

power. 35 these new parameters are transmitted to the payload to be 

If all beams transmit control channels at an equal power, implemented. In another alternative embodiment, this infor- 

all beams will be relatively equal in size. In such a case, the mation can also be used to modify the operation of the flight 

number of communication units communicating in a par- pattern. By adjusting the location of the flight pattern, better 

ticular beam depends almost exclusively on the density of cellular performance may be obtained, 

active communication units on the ground. Because this 40 FIG. 9 illustrates a flowchart of a method for tising a 

density varies widely, for example, between urban and rural parameter table to determine parameters based on aircraft 

areas, some beams may be tasked with handling many more location in accordance with one embodiment of the present 

calls than other t)eams. If a beam is asked to handle more invention. The method begins, in block 902, by receiving 

calls than the number of communication channels it telemetry, as is described in conjunction with block 702 

provides, then some users will be denied service. In one 45 (FIG. 7) or block 802 (FIG. 8), above. In one embodiment, 

embodiment, the uneven distribution of calls to beams is the telemetry indicates the aircraft's location. In block 904, 

mitigated by estimating the beam loading, and tuning each the location is converted to radial coordinates. The param- 

beam's control channel power to effectively reduce or eters associated with those coordinates are then identified in 

increase the relative size of each beam. The method begins, the parameter table, in block 906. Adetenmination is made, 

in block 802, by the control center receiving telemetry 50 in block 908, whether the newly calculated parameters are 

information, which specifically includes the aircraft flight different from the stored parameters. If not, the procedure 

characteristics. In addition, the control center receives or iterates as shown. If so, then the new parameters are sent to 

maintains data describing the aircraft flight pattern. Finally, the MSO in block 910, as described above. The procedure 

the control center receives or maintains or accesses the then iterates as shown in FIG. 9. 

geographic density profile for the network's subscribers, in 55 In the foregoing detailed description, reference is made to 

block 804. the accompanying drawings, which form a part hereof, and 

From this information, the control center calculates the in which are shown by way of illustration specific embodi- 

estimated beam loading for one or more revolutions of the ments in which the invention may be practiced. These 

flight pattem, in block 806. A determination is made, in embodiments are described in sufQcient detail to enable 

block 808, whether the estimated beam loading wanrants a 60 those skilled in the art to practice the invention. The fore> 

change in tbe then-current control channel power param- going detailed description uses terms that are provided in 

eters. A positive determination is made, in one embodiment, order to make the detafled description more easily under- 

if the imbalance in beam loading among the aircraft's beams standable. It is to be understood that these terms and the 

is above a certain threshold. In addition, in some cases, the phraseology employed in the description shoukl not be 

telemetry information might indicate that the aircraft should 65 constnied to limit the scope of tbe invention, 

turn off or reduce power in some beams, as is the case when It will be understood by those skilled in the ait that the 

the aircraft is projecting beams into areas where they are not operations of the methods shown and described herein can 
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be carried out in a different order than those described with 
reference to FIGS. 5-9. It will also be understood that while 

certain flowcharts have ""Begin" and "End" blocks, in gen- 
eral the methods that they depict are continuously per- 
formed. 

Il will be further understood that FIGS. 2-4 are merely 
representational and are not drawn to scale. Certain proper- 
tions thereof may be exaggerated, while others may be 
minimized. FIGS. 2-4 are intended to illustrate various 
implementations of the invention, which can be understood 
and appropriately carried out by those of ordinary skill in the 
art. 

It will be appreciated by those of ordinary skill in the art 
that any arrangement, which is calculated to achieve the 
same purpose, may be substituted for the specific embodi- 
ment shown. For example, although the description refers to 
implementing various functions of the present invention in 
particular network elements, many of these functions could 
be moved to other elements. For example, some or all of the 
control center functions could be moved into the terrestrial 
cellular network's OMC, MSO, BTS, and/or ARTor into the 
aircraft payload or AFMS. In addition, some or all of the 
functions performed by the AOC could be performed by the 
SS&Q and vice versa. Also, some of the calculations 
performed by the control center, particularly calculations 
relating to network parameters, could be calculated by the 
aircraft, MSO or OMC. In addition, although handoffs and 
control channels are described on a per beam basis, handofik 
also could occur and control channels also could be provided 
in various ceUs or sectors. 

This application is intended to cover any adaptations or 
variations of the present invention that fall within its scope. 
The foregoing detailed description, therefore, is not to be 
taken in a limiting sense, and it will be readily understood 
by those skilled in the art that various changes in the details, 
materials, and arrangements of the parts and operations 
which have been described and illustrated in order to explain 
the nature of this invention may be made without departing 
from the spirit and scope of the invention as expressed in the 
appended claims. 

What is claimed is: 

1. A method for controlling operations of a cellular 
communications network, the method comprising: 

receiving information relevant to flight parameters of an 
aircraft in flight, wherein the aircraft carries a payload 
that provides comnmnication charmels to multiple cel- 
lular communication units and also communicates with 
at least one base transceiver station (BTS) of the 
cellular communications network; 

calculating one or more network parameters based on the 
information; and 

sending a message derived from the one or more network 
parameters to a device within the cellular communica- 
tions network, wherein the device uses information 
contained within the message to control operations of 
the device. 

2. The method as claimed in claim 1, wherein receiving 
information comprises receiving flight characteristic infor- 
mation. 

3. The method as claimed in claim 2, wherein calculating 
one or more network parameters comprises: 

calculating a link margin variation from the flight char- 
acteristic information; 

determining whether the link maigio variation indicates 
that a bandoff rate is not within an acceptable range; 
and 
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if the link margin variation indicates that the handoff rate 
is not within the acceptable range, calculating a bandoff 
parameter, wherein the bandoff parameter is a param- 
eter in a group of parameters that includes a bandoff 
hysteresis parameter and a handoff threshold parameter. 

4. Tht method as claimed in claim 2, wherein calculating 
one or more network parameters comprises: 

calculating a link margin variation from the flight char- 
acteristic information; 
determining whether the link maigin variation indicates 
that a dropped call rate is not within an acceptable 
range; and 

if the link margin variation indicates that the dropped call 
rate is not within the acceptable range, calculating a 
new minimum acquisition power threshold parameter. 

5. The method as claimed in claim 2, wherein calculating 
one or more network parameters comprises: 

calculating an estimated beam loading from the flight 
characteristic information and a subscriber geographic 
density profile; 
determining whether the estimated beam loading indi- 
cates that a loading imbalance between beams is not 
within an acceptable range; and 
if the estimated beam loading indicates that the loading 
imbalance is not within the acceptable range, calculat- 
ing new control channel power parameters. 

6. The method as claimed in claim 1, wherein sending the 
message to the device comprises sending the message to a 
mobile switching office (MSO) within the cellular commu- 
nications network, wherein the MSO uses information 
within the message to control the operations of one or more 
BTS. 

7. The method as claimed in claim 1, wherein sending the 
message to the device comprises sending the message to the 
aircraft, wherein the aircraft uses information within the 
message to control the operations of the aircraft. 

8. The method as claimed in claim 1, wherein calculating 
one or more network parameters comprises calculating a 
table of network parameters, wherein each entry in the table 
corresponds to a location of the aircraft along a flight 
pattern. 

9. The method as claimed in claim 8, wherein calculating 
the table of network parameters comprises indexing each 
entry based on a radial location of the aircraft along the flight 

pattern. 

10. The method as claimed in claim 1, wherein sending 
the message to the device comprises transmitting the mes- 
sage to the payload, wherein the payload uses the message 

50 to control operations of the payload. 

11. The method as claimed in claim 10, wherein the 
aircraft uses the message to control a communication param- 
eter of a cellular beam pattern provided by the payload. 

12. A method for controlling operations of a celhilar 
communications network, the method comprising: 

collecting information relevant to flight parameters of an 
aircraft in flight, wherein the aircraft carries a payload 
that provides communication channels to multiple cel- 
lular communication units via a cellular beam pattern, 
and also communicates with at least one base trans- 
ceiver station of the cellular communications network; 
and 

transmitting the information to a control center, wherein 
the control center calctUates one or more network 
parameters based on the information, and sends the one 
or more network parameters to a device within the 
cellular communications network, and wherein the 
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device uses the one or more network parameters to 
control operations of the device. 

13. The method as claimed in claim 12, further compris- 
ing: 

receiving instructions from the control center to alter a ^ 
communication parameter for the cellular beam pat- 
tern; and 

altering the communication parameter based on the 
instructions. 

14. The method as claimed in claim 12, further compris- 
ing: 

receiving a control message from the control center; and 
using information within the control message to deter- 
mine when handoffs are to occur. 15 

15. The method as claimed in claim 12, further compris- 
ing: 

receiving a control message from the control center; and 
using information within the control message to deter- 
mine when a commimications imit may access the 
network. 

16. The method as claimed in claim 12, further compris- 
ing: 

receiving a control message from the control center; and 
based on information within the control message, adjust- 
ing control channel power for one or more beams. 

17. An apparatus for controlling operations of a cellular 
commimications network, the apparatus comprising: 

an antenna that receives signals from and sends signals to 30 
an aircraft, wherein the aircraft carries a payload that 
provides communication channels to multiple cellular 
conununication units, and ako communicates with at 
least one base transceiver station of the cellular com- 
munications network; and 



739 Bl 

20 

a control center, coupled to the antenna, that receives, 
within the signals, information relevant to flight param- 
eters of the aircraft, calculates one or more network 
parameters based on the information, and sends a 
message derived from the one or more network param- 
eters to a device within the cellular communications 
network, wherein the device uses information con- 
tained within the message to control operations of the 
device. 

18. The apparatus as claimed in claim 17. wherein the 
device is a mobile switching office (MSO), and the control 
center sends the message to the MSO, wherein the MSO 
uses information within the message to control the opera- 
tions of the one or more base transceiver stations. 

19. An apparatus for controlling operations of a celhilar 
communications network, the apparatus comprising: 

an aircraft flight management system that collects infor- 
mation relevant to flight parameters of an aircraft in 
flight, wherein the aircraft carries a payload that pro- 
vides communication channels to multiple cellular 
communication units via a cellular beam pattern, and 
also communicates with at least one base transceiver 
station of the cellular communications network; and 

an aircraft payload, coupled to the aircraft flight manage- 
ment system, that transmits the information to a control 
center, wherein the control center calculates one or 
more network parameters based on the information, 
and sends the one or more network parameters to a 
device within the cellular communications network, 
and wherein the device uses the one or more network 
parameters to control operations of the device. 

* « « 4 ♦ 
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